To examine the site of delivery for very low birth weight (VLBW) infants and infants with major congenital malformations (MCM) within an established system of perinatal regionalization.
In 1976, the National Committee on Perinatal Health defined and recommended a regionalized system of perinatal care. 1 The decrease in U.S. perinatal and infant mortality rates observed since then has been attributed, in part, to the development and subsequent maturation of regional programs. [2] [3] [4] [5] [6] Recently, however, changes in health system market forces have prompted a move toward deregionalization. 7 Perinatal regionalization was designed to match the medical needs of individual patients to available resources and assure prompt access to the level of care appropriate to the degree of risk. Under such a system, care for pregnant women and newborns is provided through a coordinated and cooperative network of physicians and hospitals to maximize the utilization of highly trained perinatal personnel and intensive care facilities.
An essential element of regional programs is the transport of highrisk neonatal or maternal-fetal patients between hospitals. There is increasing evidence to suggest that in utero transport of the high-risk fetus results in better outcomes than neonatal transport. 8 -15 Most studies of site of delivery have focused on very low birth weight (VLBW) infants. 8 -10,12,13 However, low birth weight infants represent only about half of neonatal intensive care unit admissions, 16 and it has been suggested that the site of delivery of other high-risk groups be evaluated to determine how well perinatal care is regionalized. 5, 17, 18 Congenital malformations are a leading cause of perinatal mortality and infant morbidity, 19, 20 and infants with certain correctable malformations require the immediate stabilization or surgical expertise offered by a tertiary center. [21] [22] [23] It has been suggested that both mortality rates and the medical resource utilization required to manage infants with specific malformations may decline by shifting their delivery to tertiary centers. 14, 24 The purpose of this study was to examine sites of delivery within a regionalized system for two groups of high-risk infants: VLBW infants and infants with major congenital malformations (MCM). We hypothesized that the proportion of VLBW infants delivered at level III centers and the proportion of infants with MCM delivered at level III centers would increase over the years studied.
METHODS

Data Sources
We conducted a retrospective study of site of delivery for infants of VLBW and infants with MCM in the state of Ohio. The source population was all infants born in Ohio from 1990 through 1995. Data were extracted from Ohio Department of Health birth certificate data files on infants with (1) a birth weight of 751 to 1500 gm or (2) MCM. To focus on conditions amenable to early diagnosis and treatment, MCM in this study were limited to (1) atresia, (2) diaphragmatic hernia, and (3) gastroschisis or omphalocele. Infants who had both VLBW and a MCM diagnosis were excluded.
Hospital designation files linked to maternal licensure data were used to identify the perinatal region and hospital level of birth for each study infant. Because our interest was in births at level III hospitals, births at level I and II hospitals and births occurring outside of a designated hospital were combined into a single "non-level III" group.
Levels of Care
The Ohio Regional Perinatal Plan was developed in 1977 and divided the state into six perinatal service regions. 25 Each perinatal region encompassed one major urban area, and each region had three different levels of care available for newborns and their mothers. Level I hospitals (community perinatal centers) handle uncomplicated or mildly complicated term pregnancies, provide preventive services, and assess the need for transfer to higher level services. Level II hospitals (district perinatal centers) are capable of providing prenatal and perinatal services for uncomplicated obstetrical patients, normal newborns, and a large proportion of women and infants with moderate complications. Level III hospitals (regional perinatal care centers) provide care for all types of newborn and maternal patients, including those with the most complicated and life-threatening conditions; in addition, level III hospitals conduct perinatal health research and education programs, are staffed by a multidisciplinary team, and help to develop community-wide resources for perinatal services. Each perinatal region contained at least one level III hospital.
Perinatal Regions
Perinatal Region 1 covered the southwest corner of Ohio and contained two level III maternity hospitals in the city of Cincinnati. Region 2 was the west central portion of the state, with one level III maternity hospital in Dayton. Region 3 comprised the northwest corner of Ohio. It had one level III maternity hospital in Toledo. Region 4 covered the southeast portion of the state. The region's one level III maternity hospital was in Columbus. The northeast area was served by Region 5. Its urban area of Cleveland had three level III maternity hospitals. The east central region of Ohio was designated perinatal region 6, with one level III maternity hospital in Akron. Thus, the six state perinatal regions of Ohio contained a total of nine level III perinatal centers.
Outcomes
The primary outcomes of interest were the proportions of VLBW infants and infants with a MCM delivered at level III centers. Regional variations in the births of these two groups and changes over time in these outcomes were determined.
Statistical Analysis
Mantel-Haenszel -square tests were used for analysis of trends for categorical variables. -square tests were used to examine differences in proportions among regions. To look at changes over times and changes within regions, two logistic regression models were analyzed for each of the outcomes of interest. The first model used binary dummy variables for the six regions and a single variable for the year. The second model incorporated a year-region interaction variable instead of a single-year variable. To test whether the interaction variable improved the model, the increase in goodness-of-fit (Ϫ2 log likelihood ratio) from model one to model two was computed. All statistical analyses were performed using PC-SAS software (Release 6.12; SAS Institute, Cary, NC).
RESULTS
From 1990 to 1995, there were 935,630 births in Ohio. Of these, 926,486 had neither a VLBW nor MCM. A total of 112 infants had both VLBW and a MCM diagnosis and were excluded. A remaining 9032 infants were eligible for the study; of these, 8664 were VLBW (751 to 1500 gm) and 368 had one of the MCM of interest. With regard to MCM, 105 had a tracheoesophageal fistula/esophageal atresia, 87 had a diaphragmatic hernia, 175 had either gastroschisis or an omphalocele, and 1 had both a diaphragmatic hernia and gastroschisis.
Birth Hospital
Overall, 5313 of the 9032 high-risk study infants (58.8%) were born in a level III hospital. Of the VLBW infants, 5180 of 8664 (59.8%) were born in a level III hospital (Table 1 ) Within the category of VLBW infants, there were further differences. A total of 63% of infants weighing 750 to 1000 gm were born in a level III hospital, whereas only 58% of the infants that weighed 1001 to 1500 gm at birth were born in a level III hospital ( p ϭ 0.001). Of the infants with a MCM, 133 of 368 (36.1%) were born in a level III hospital. For the entire state, there was a small but statistically significant trend toward a decrease in VLBW infants being born in a level III hospital over the course of the study ( p Ͻ 0.01). In 1990, 61.0% of the VLBW infants were born in a level III hospital. In 1995, 58.4% were born in a level III hospital. In contrast, the proportion of infants in the state with a MCM born in a level III hospital more than doubled during this time period ( p Ͻ 0.05). The proportion increased from 18.6% in 1990 to 38.3% in 1995 (Table 1) .
Regional Variation
There was significant variation across the six perinatal regions in Ohio ( Table 2 ). The proportion of infants with a VLBW born in a level III hospital ranged from a low of 38.9% in region 6 to a high of 77.5% in region 5 ( p Ͻ 0.01). Within this category, the proportion of infants with a birth weight of 750 to 1000 gm born in a level III hospital varied significantly among the state perinatal regions, ranging from 42.9% in region 6 to 82.3% in region 1 ( p ϭ 0.001). The proportion of infants with a birth weight of 1001 to 1500 gm born in a level III hospital also varied significantly, ranging from 37.2% in region 6 to 76.6% in region 5 ( p ϭ 0.001). The proportion of infants with a MCM born in a level III hospital ranged from a low of 18.9% in region 6 to a high of 60.9% in region 1 ( p Ͻ 0.01; Table 2 ).
The proportion of VLBW infants born in a level III hospital also varied greatly from year to year in each region ( Table 3 ). The proportion decreased significantly in state regions 1 and 3 and increased significantly in region 6.
The percentage of infants with a MCM born in a level III hospital also varied from year to year in each region (Table 4) . Only region 2 demonstrated a statistically significant increase.
Logistic Regression Models: MCM
The first model examined the proportion of infants with MCM delivered at level III hospitals. The analysis of the year variable indicated a significant increasing trend in the proportion of deliveries of infants with MCM at level III centers over the 6-year study period ( p ϭ 0.03). The magnitude of the trend was estimated to be a 15.7% annual increase in the odds of being delivered in a level III hospital versus a non-level III hospital.
The second model incorporated a year-region interaction variable instead of a single-year variable. Region 2 had the only significant trend ( p Ͻ 0.05) in the delivery of infants with MCM at level III centers over the course of the study, with an estimated 38.7% increase in the odds ratio per year. The increase in goodness-of-fit (Ϫ2 log likelihood ratio) from model one to model two was not significant, indicating that the single-year parameter is adequate to describe the time trend for all six regions.
Logistic Regression Models: VLBW
The two models were created using the proportion of infants with VLBW born at level III hospitals as the dependent variable. In the first model, the analysis of the year variable indicated no significant trends. However, the goodness-of-fit was significantly greater when the year-region interaction variables were put into the model, indicating that a separate time trend parameter should be used for each region. Regions 1 ( p ϭ 0.016) and 3 ( p ϭ 0.0004) showed significant trends toward a decrease in the proportion of VLBW infants born in level III hospitals. For region 1, the trend was estimated to be an 8.1% decrease in the odds ratio per year. For region 3, the trend was estimated to be a 13.9% decrease in the odds ratio per year. Region 6 showed a significant ( p ϭ 0.021) increasing trend in the proportion of these births over the 6 years of the study, with an estimated 7.7% increase in the odds ratio per year. The remaining three regions did not show significant trends.
DISCUSSION
The results of this study revealed a statistically significant trend toward a decrease in VLBW infants and an increase in infants with congenital malformations born in level III hospitals in Ohio from 1990 to 1995. There was also significant regional variation in the site of delivery and trends over time for both groups of infants. Clearly, high-risk infants are not being consistently delivered at level III centers within Ohio's statewide program of regionalized perinatal care. Several researchers have suggested that high-risk groups other than VLBW infants may benefit from delivery at level III centers. 20, 26, 27 Infants with congenital malformations represent one such group. These infants represent a significant and increasing proportion of neonatal intensive care unit admissions and patient days, and congenital anomalies are important determinants of both neonatal and postnatal health care resource utilization. 16 We found both an overall decrease in VLBW infants being delivered at a level III perinatal center over the course of this study and a distributional difference within this birth weight category (i.e., the very smallest infants were more likely to be delivered at level III hospitals). These observations may reflect a trend toward perinatal deregionalization. 7,28 -30 Perinatal regionalization was conceived ϳ30 years ago to provide centralized care for critically ill newborn infants. 1, 31 At the time it was proposed, very few hospitals had expertise in neonatal intensive care, so most high-risk babies were transferred to tertiary care centers. However, the health care system has changed. Neonatology is now the largest subspecialty in pediatrics and neonatal experience is much more widespread than it was in 1970. 32 There has been a rapid proliferation of community-based neonatal intensive care units, particularly in suburban areas, stimulated in part by the vastly increased pool of skilled perinatal specialists and the competition among providers and hospitals to attract insured families. 29, 30, [33] [34] [35] [36] Some level II centers have increased their scope of care, becoming expanded intermediate care centers or "IIϩ" sites. Deregionalization has also been attributed to managed care providers that discourage referrals. Some physicians have begun to question the obligatory transfer of high-risk mothers and their infants to a tertiary care center. However, a recent report by Yeast et al. 37 on the changing patterns in regionalized perinatal care suggests that VLBW infants born outside level III centers still experience significantly higher neonatal mortality.
It is generally accepted that 2% to 3% of all infants are born with a major anomaly. 38 -40 Omphalocele, with an incidence of 1 in 5000 to 6000 live births, 41, 42 and gastroschisis, with an incidence of 1 in 15,000 to 20,000 live births, 41, 42 represent the most common fetal abdominal wall defects. 43 Diaphragmatic hernia occurs in ϳ1 of every 4000 births. 44 -46 The frequency of congenital esophageal anomalies varies between 1 in 3000 to 4500 births. 47 Concurrent anomalies are seen in approximately 30% to 70% of fetuses with omphalocele, and those fetuses have an increased risk of chromosomal abnormalities. 48 -50 The fetus with gastroschisis has neither an increased risk of chromosomal abnormalities nor an increased risk of associated extragastrointestinal anomalies. However, the incidence of concurrent gastrointestinal complications ranges from 15% to 45%. These include malrotation, stenosis, anorectal agenesis, and volvulus. [51] [52] [53] Congenital diaphragmatic hernia is associated with additional severe malformations in 29% to 53% of cases. 54 -57 Congenital esophageal fistulas can occur alone, but most often present with an associated esophageal atresia. 47, 58, 59 Although overall, only 36% of infants born with MCM in our study were born in a level III hospital, this proportion increased during the years examined. These results may reflect improvements in the prenatal diagnosis of these malformations. Placing greater emphasis on earlier identification in the prenatal period, allowing for in utero transfer and advanced consultation with pediatric surgeons, could contribute to better outcomes for these infants. 20, 21, 23, 24, 26, 60 Not all deliveries of these infants can be anticipated and, thus, steered to level III centers. Studies from Europe estimate that 70% to 80% of VLBW births can be anticipated, 13, 61 while the detection rate of congenital malformations has been reported to vary from 20% to 100%. 51, [62] [63] [64] Prenatal detection rates vary widely by author, with reports of 25% to 90% for isolated congenital diaphragmatic hernia [65] [66] [67] and from 50% to nearly 100% for omphalocele and gastroschisis. 43, 60, 62, 66, 68 Tracheoesophageal fistula is difficult to diagnose prenatally. Stringer et al. 69 reported a detection rate of 42% for esophageal atresia. Approximately 85% to 90% of cases of esophageal atresia also have tracheoesophageal fistula. 47, 58, 59 Isolated tracheoesophageal fistula occurs in only ϳ4% of cases. The accuracy of the diagnosis probably reflects a number of technical aspects, including the quality of the ultrasound equipment, the experience of the examiner, the type and extent of anomaly, concurrent malformations and chromosomal abnormalities, and the time in gestation discovered. 60, 65 Furthermore, the rate of routine prenatal ultrasound may vary, as well as the decision to refer a patient for more sophisticated testing. Given all these factors, we estimate that, at best, 150 to 300 of the 368 infants born with these congenital malformations could have been detected prenatally.
Prenatal diagnosis of congenital malformations by ultrasound has been increasing, probably reflecting the influence of increasing experience and improvements in equipment quality. 65, 70, 71 In a 1996 report by Crombleholme et al., 27 prenatal ultrasound examination of 4551 patients revealed congenital anomalies in 221 fetuses who were then referred for consultation. Delivery at a tertiary care facility was recommended in 37% of the cases to facilitate postnatal management.
A few studies have examined outcome and site of delivery for infants with gastroschisis. In a study of 56 newborns, Quirk et al. 14 reported that those born in a regional center experienced fewer days to enteral feeding, shorter lengths of hospital stay, and lower hospital charges. Similarly, Stringer et al. 11 found that infants transferred in utero had greater successful primary closure of their defect, significantly less postoperative assisted ventilation, and a trend in favor of early discharge home. Stoodley et al. 15 found no evidence that delivery in a regional center conferred any great clinical benefit, but still recommended delivery near the place of surgery to minimize the rare case of the delay resulting in severe deterioration. In contrast, Nicholls et al. 72 claimed that good results can be achieved in neonates with gastroschisis who undergo postnatal transfer and that postnatal transfer is less disruptive than in utero transfer for the family involved. More studies need to be done to examine site of delivery and outcome for infants with other MCM.
We found significant variation in site of delivery among the perinatal regions and over the time course of the study. These results may reflect varying degrees of regional organization among the six perinatal areas. For some patients who undergo ultrasound screening, these results may reflect barriers to obtaining follow-up testing or treatment based on geographic disadvantage or financial constraints. Or they may reflect patient preferences for care closer to home. Travel to regional centers may be undesirable for some parents despite the expected mortality benefit. 73, 74 This study is limited by the restricted dataset available to us. Although we can estimate the number of infants who should have been diagnosed prenatally, we do not know how many of their mothers actually received prenatal testing. As a result, we also do not know how many, if any, pregnancies were terminated as a result of the prenatal testing. Finally, we do not know the outcomes of any of the VLBW infants or the infants born with a MCM.
In summary, using the traditional marker of VLBW to assess regionalization in one state, we found significant variation in site of delivery among the perinatal regions and over the time course of the study. The delivery of the MCM cohort at level III centers may be an alternative measure of regionalization. In our state, this group was delivered at tertiary centers at lower, but increasing, percentages than the VLBW group and with more consistency. Studies linking site of delivery to outcome are necessary as the next step to inform policies in this area.
